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Abstract 
Type and origin of groundwater is important to understand potential natural contamination. Bandung Basin in West Java 
Indonesia as anintra montan basin was chosen for this study. In some places, groundwater chemistry could be related to volcanic 
and thermal activities and may lead as the source of natural contamination to the water resources. In this research, seven water 
samples from southern and northern ridgesof Bandung Basin were taken and analyzed. In order to determine the type, origin of 
the water and potential natural contamination, hydrogeochemistry and stable isotopes H2 and O18 were used in this research. 
The methods were used to interprate the mixing mechanism between thermal water and shallowgroundwater with minerals in the 
aquifer. The thermal water from Walini in southern ridge and Maribaya in northern ridge can be distinguished to be related with 
deep geothermal activities as mixing of upflowing thermal fluid with shallow groundwater. Thermal water from Kamojang site is 
related with meteoric water and not related or mixed with deep thermal water. One cool spring waternear Kamojang hot spring 
shows it could be influenced by deeper water/fluids. Two other samples from springs around a hydrothermal mineralization 
showthat Arsenic and other metal ions concentration in mineralized aquiferis present at a very low concentration  
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1. Introduction 
Contamination in shallow groundwater and surface water can be occurred as natural phenomena. Water resources 
in some geological regions e.g. volcanic areas are potentially contaminated by element that related with magmatic 
activity, hydrothermal mineralization or deep thermal water. Arsenic, mercury and chloride are commonly found in 
volcanic region as natural mechanism of upflowing and mixing of thermal fluids in shallow aquifer. In this research 
type and origin of water or thermal water in some springs in Bandung basin were used to determine mechanism of 
release or sink the contaminant in groundwater. 
 
* Corresponding author. Tel.: +0-000-000-0000 ; fax: +0-000-000-0000 . 
E-mail address: irwan@mining.itb.ac.id. 
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
263 Irwan Iskandar et al. /  Procedia Earth and Planetary Science  6 ( 2013 )  262 – 268 
2. Geology 
Bandung basin in West Java, Indonesia is located in volcanic ridge. The basin is surrounded by Burangrang-
TangkubanPerahu at north ridge and WayangWindu-Mandalawangi at south ridge. The basin is comprised by 
unconsolidated and undifferentiated Quaternary volcanic product and in some plain area lake deposit is found 
between the volcanic layers (Dam and Suparan 1992; Dam et al 1996). Some volcanic and magmatic-thermal 
activities and hydrothermal mineralization around Bandung Basin may lead as source of Arsenic and other metals in 
shallow groundwater, springs and surface water.  
3. Water Samples 
Water samples were taken from 7 locations, the samples represent thermal waters/hot springs (HS-2-KMJ, HS-3-
WAL, HS-6-MBY and HS-7-DMS), and natural cool springs (S-1-CBR, S-4-CB and S-5-TA). Some physical and 
chemical parameters like temperature, TDS, pH and Eh were measured on site (Table 1). Spatial distribution of the 
samples are representing thermal water and shallow groundwater from southern and northern volcanic ridge of 
Bandung Basin, the samples distribution overlaid with morphology of Bandung Basin can be seen in Figure. 1.  
 
Table 1. Sample locations and some physical and chemical parameters of water samples 
Sample ID Location Temp. (˚C) 
TDS 
(mg/L) pH 
Eh 
(mV) 
S-1-CBR Spring, Cibeureum, Southern Ridge Bandung 23 500 3.7 24 
HS-2-KMJ Hot Spring, Near kamojang Geothermal Field, Southern Ridge Bandung 62 2300 5.8 12 
HS-3-WAL Hot-Spring, Ciwalini, Southern Ridge Bandung 48 8600 6.0 20 
S-4-CB Spring, near gold artisanal mining, Southern Bandung 26 800 5.5 10 
S-5-TA Spring, near gold artisanal mining, Southern Bandung 27 700 5.6 5 
HS-6-MBY Hot Spring, Maribaya, Northern Ridge Bandung 44 1500 5.5 10 
HS-7-DMS Hot Spring, Domas Crater, TangkubanPrahu, Northern Ridge Bandung 62 1000 1.8 20 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Sample location overlaid with Morphology of Bandung Volcanic Basin 
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The samples from each site were divided into three bottles, first bottle is for major ions analysis, second bottle is 
prepared for dissolved metal content analyses and third bottle is prepared for stable isotopes analysis. For dissolved 
metals the samples were filtered using 0.45μm filter membranes, collected in acid washed polyethylene bottled and 
then acidified with nitric acid. All samples were kept in cool box with temperature around 4˚C before laboratory 
analyses. All laboratory measurements followed the standard method for water and wastewater samples (APHA 
1998). 
4. Hydrogeochemistry and Water Isotope Results 
The important step in natural hydrogeochemical investigation is to identify water types for all samples. In this 
research, water type and interpretation of source of water were determined using piper diagram (Piper, 1944; Appelo 
and Postma 1996) and stable isotopes analysis. The Piper diagram has been used widely to classify water type by 
major cation and anion concentrations to trace hydrogeochemical process of water caused by interaction between 
water with aquifer materials.  Stable isotopes analysis is based on relationship between δ18O and δ2H, from which 
the sources of water can be interpreted such us, evaporation, mixing, upflowing or interaction with rocks. Result of a 
Piper diagram and stable isotope analyses are shown in Figure 3 and Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Piper diagram showing type of water mostly is bicarbonate and sulfate water, sample HS-3-WAL from hotspring at Walini is chloride-
sulfate water and may related with chloride geothermal water 
 
Based on Piper diagram the water samples HS-2-KMJ and HS-7-DMS from Kamojanghotspring and Domas 
crater are Bicarbonate-Sulfate type. The sample form WaliniHotspring  HS-3-WAL is Chloride-Sulfate type, while 
HS-6-MBY from Maribayahotspring is Bicarbonate type but in this sample Chloride is present in significant 
concentration compare to other anions. Natural cool springs near artisanal gold mine S-4-CB and S-5-TA are 
Sulfate-Bicarbonate type with insignificant amount of Chloride, while water from Cibeureum near 
Kamojanghotspring S-1-CBR is Sulfate type.  
Presence of natural Chloride and Sulfate marked as water that is related with geothermal activity and or 
hydrothermal mineralization. Some dissolved ions e.g. Lithium, Boron and Fluoride were used for distinguishing 
which waters are related geothermal activity i.e. upflowing of thermal water and mixing with water in shallow 
aquifer. In meteoric and shallow groundwater Chloride and sulfate ions are commonly absence, in this water Sulfate 
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is present as result of Sulfide mineral dissolution. All interpretation based on hydrogeochemistry results were 
compared with stable isotope result and geochemistry of soil and rocks. Concentration of some dissolved ions from 
water samples are summarized in Table 2.  
Stable isotopes of δ18O and δ2H results were overlaid with local meteoric water line and some result of previous 
samples of meteoric water at different elevations (Abidin et al 2009) (Fig. 5). The δ18O and δ2H graphs shows that 
hotsprings from DomasTangkubanPerahu crater was affected by evaporation process. The same situation with all 
samples from springs in Soreang mineralization area and Kamojanghotspring which is following the evaporation 
line. This implies high evaporation during precipitation to infiltration process and may have long residence time on 
the surface due to low permeability of the ground surface.  
Samples from Cibeureum spring and Maribayahotspring are located along the local meteoric waterline. The 
samples from the two sites were interpreted as meteoric water infiltrate the aquifers directly with short residence 
time. Notable feature is only sample from Walinihotspring indicating reaction between rock and water in high 
temperature, with respect to δ18O exchange. 
 
Table 2. Concentration of some ions in spring and hotspring waters 
Sample ID F As B Li Mn Hg S Cl 
S-1-CBR 0.14 0.0008 0.2 0.06 0.08 nd 13 1.2 
HS-2-KMJ 0.09 0.0031 0.2 nd nd nd 27 0.8 
HS-3-WAL 0.16 0.178 1.5 0.10 nd nd 60 140 
S-4-CB 0.06 nd nd nd nd nd 2 1.8 
S-5-TA 0.11 0.0023 nd nd 0.06 nd 8 0.7 
HS-6-MBY 0.07 0.0014 1.8 0.12 0.10 nd nd 56.3 
HS-7-DMS nd 0.0024 3.6 0.02 0.95 nd 591 11.1 
dissolved ions in ppm ; nd : not detected 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Correlation between δ18O and δ2H showing evaporation effect during precipitation and infiltration process, reaction with mineral in high 
temperature only occurred in HS-3-WAL, samples from Walinihotspring 
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5. Discussion 
The presence of dissolved Arsenic in springs and hotsprings are related to Chloride water. It was found that in 
thermal water around Bandung, Arsenic and Mercury are found to be higher when Chloride concentration was 
higher (Herdianita and Priadi 2008). But it was found that in Maribayahotspring, high Chloride concentration is not 
related with Arsenic concentration.  However Lithium and Boron in water indicating the Maribaya thermal water is 
related with deeper zone thermal activity.  
Based on Chloride, Lithium, Boron and Fluoride concentrations in water samples, water from Walini and 
MaribayaHotspring can be characterized as water related with deep geothermal water and mixing with shallow 
groundwater. Chloride, Lithium, Boron and Fluoride concentration in water from Kamojanghotspring are very low 
compare to other thermal water. The thermal water in this site is interpreted as meteoric water that is infiltrated to 
shallow aquifer and heated by geothermal source but not mixing with deeper zone geothermal water/fluids. The 
presence of Sulfate innatural spring water from mine site was resulted by dissolution of Sulfide rich mineral like 
pyrite. Interesting thing is presence of Boron and Fluoride in Sulfate type cool spring water from Cibeureum near 
Kamojanghotspring may as result of mixing or small leakage of thermal water/fluids. 
Dissolved metals in water and metal content in soil and rock were analyzed to find out mechanism of 
contamination in surface water or shallow groundwater. In this research Arsenic is main issue of natural 
contamination, which the element is related to thermal water activity, hydrothermal mineralization or human 
activities e.g. mining (Smedley and Kinniburgh 2002; Iskandar et al 2012). Information of source, mechanism, sink 
and release of Arsenic in water and soil environment is important to prevent an environmental problem that is 
caused by Arsenic contamination.  
Presence of Lithium and Boron in thermal water from Walini and Maribaya signified that the waters are related 
to deeper geothermal water. Fig 3 shows correlation (r) of log concentration Chloride and Arsenic is 0.6 denote 
presence of Arsenic is related with Chloride this situation lead release mechanism of the elements may same and 
related with geothermal activity. Dissolved Natrium-Chloride concentration ratio is balance with r =0.99 except for 
Walinihotspring which is the Natrium-Chloride ratio not follow the ratio line (Fig. 5). In this sample the excess 
amount of Chloride is related with Chloride water that is commonly found in geothermal fluids. 
Isotope result presented only Walinihotspring that may related with deep thermal sources. In this mechanism 
reaction of mineral and water in high temperature signified by 18O shifting / exchange. The reaction make the 
dissolved solids in the thermal water became higher. In this case upflowing of high Arsenic-Chloride water of the 
deep thermal water mixed with shallow groundwater and resulted high Arsenic concentration in the hotspring. The 
mixing process can be occurred when there is not impermeable layer that sealed or divided upper and deeper 
aquifers.  
The interpretation from hydrogeochemical and isotope results was compared with geochemical result of 
sediments and rock from those sites. Table 3 shows concentration of Arsenic and some metals in sediment and rock 
around the springs. Presence of Arsenic and Lithium in sediments from Walini and Maribaya thermal water was 
indicated as result of precipitation of the elements due to decreased temperature of the thermal waters. In those sites, 
the Arsenic in sediment may as result as precipitation within secondary or clay minerals. The same situation in 
thermal water region in Walini and Maribaya, high concentration of Arsenic in sediment from natural spring in 
Cibeureum may associate with precipitation of secondary mineral which is Arsenic was trapped in the secondary 
minerals. 
Different mechanism was occurred in mineralized area, high Arsenic concentration in this site was primary from 
Arsenian pyrite minerals. However the presence of Arsenic in the natural spring water from this site was very low, it 
indicated leaching process or reaction between water and rock was not intensively occurred. 
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Figure 4.Natrium / Chloride ratio follow the ratio line except for sample HS-3-WAL shows excess amount of Chloride. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Correlation of dissolved Chloride and dissolved Arsenic in water samples, indicated Arsenic release was related with Chloride 
 
Table 3. Concentration of some ions sediment and rock around spring and hotspring waters 
Element As Cr Li Mo Pb Sc Sr V 
S-1-CBR 40 36 2 nd 6 8 81 142 
S-2-KMJ 5 27 1 1 9 8 12 200 
S-3-WAL 102 45 20 1 11 6 58 92 
S-4-CB 52 24 1 1 146 3 51 69 
S-6-MBY 2 6 15 1 6 4 230 33 
S-7-DMS 3 3 nd 2 5 nd 4 2 
metal concentration in solid (ppm) 
nd : not detected 
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6. Conclusion 
Hydrogeochemical and isotope analyses result some key findings as follows.  
1). Thermal water in Walinihotsprings is related with upflowing process of deep thermal water and mixing 
with shallow groundwater.  
2). Based on dissolve Lithium, Boron and Fluoride in Maribaya thermal water and Cibeureum spring indicated 
the water is connected with deep thermal water through connected fractured even the connection is only 
small leakage and could not clarify by isotope result.  
3). Arsenic is present in high Chloride water, and only thermal water from Walini area shows high dissolved 
Arsenic.  
4). There is not environmental problem generally, low pH in some water samples was resulted by high sulfate 
as dissolution of sulfide mineral. 
7. Future Works 
The mechanism of release and sink of metal in water is important to find out potential natural contamination in 
water resources. Mineralogical analysis of rock and sediment using petrography and SEM-EDS methods could be 
used to determine interaction and reaction between mineral and water 
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